In situ measurements of fish target strength are selected for use in echo integrator surveys at 38 kHz. The results are expressed through equations in which the mean target strength TS is regressed on the mean fish length I in centimeters. For physoclists, TS = 20 log 1 --67.4, and for clupeoids, TS = 20 log 1 --71.9. These equations are supported by independent measurements on tethered, caged, and freely aggregating fish and by theoretical computations based on the swimbladder form. Causes of data variability are attributed to differences in species, behavior, and, possibly, swimbladder state.
INTRODUCTION
Fish target strength is a key quantity in the acoustic assessment of fish abundance. 1 It is essential for expressing echo integrator measurements as quantities of fish. This is evident from the operating principle of the echo integrator: The calibrated output signal from the echo sounder, which is already compensated for geometric spreading and absorption, is squared and integrated over a defined range interval. 2 The result due to a single ping is proportional to the sum of the backscattering cross sections weighted by the product of transmit and receive beam pattern factors for each scatterer, if sufficiently separated in range. If individual echoes overlap, then the same result applies in the largenumber limit, either of scatterers or observations, because of use of a pulsed sinusoidal signal.
In any case, the echo integrator measures the cumulative backscattering cross section of observed scatterers. If the echoes are due to fish, then the integrator value, after scaling by an integrated beam pattern factor, among others, can be converted to numbers of fish by dividing by the appropriate mean backscattering cross section. It is this quantity, or target strength when expressed logarithmically, that is addressed here.
The history of attempts to determine fish target strength has been reviewed by Midttun2 Ehrenberg has particularly reviewed in situ methods. 3 By general admission, the measurement is problematical. Fortunately, the coincidence of new or improved instruments and techniques has led to many promising measurements over the past several years.
It is the aim of this article to select those in situ measurements of target strength that, for the time being at least, appear to be most reliable for use by echo sounding and integrating systems operating at 38 kHz, the most widely used surveying frequency. The data are compared with collateral measurements and theoretical predictions.
A secondary aim is accomplished by noting the rather large degree of variation in the in situ data. The consequent need to account for the survey situation in applying specific target strengths to echo integrator data is discussed. Table I .
II. DATA ANALYSIS
The basic acoustic datum in Table I Reduction of the data in Table I is Table I , according to the several regression equations, are shown in Table II . Because of the general scarcity of in situ measurements of target strength, it is desirable to combine as many data as possible in each regression analysis. At the same time, doubts about the quality or representativeness of the data makes unavoidable their discrimination by swimbladder type, time of collection, or even measurement method. This is why the number of analyses in Table II A major biological difference among the species of Table I is due to the swimbladder. The clupeoids, herring and sprat, are physostomes, as their swimbladder has a duct communicating with the alimentary canal, hence exterior. These clupeoids lack rete mirabile, moreover, hence, they cannot produce or resorb gas to regulate the swimbladder volume in a controlled manner under depth excursions. The other species of Table I The first measure of discrimination of the acoustic data is, therefore, the swimbladder type. Prior experience also suggests a significant difference in the target strengths of comparably sized physostomes and physoclists. Data from the two types are treated separately in the regression analyses. This is justified by the results shown in the first and last rows of roughly 5 dB higher than that of a comparably sized clupeoid. Differences in family composition of the physoclists provide another basis for distinguishing the data in their regression analyses. In particular, the fish can be divided into gadolds, or members of the cod family, and nongadoids, red fish and greater silver smelt in the present case. The difference here is insignificant, however, for the target strengths of the two nongadoid physoclists determine the equation TS = 20 log 1 --67.3. This is fully compatible with the respective results in the first and second rows of Table If. Variation in target strength with time of day, which is probably connected with changes in light intensity, thence orientation distribution, is a recognized phenomenon, 6'23'2• although quantification of the difference has been difficult. Intercomparison of the data in rows 3-5 of Table II is A final biological discrimination of the data is made on the species level. Because of the relatively large number of data on walleye pollock, these have been examined separately in rows 9 and 10, to which the analysis in row 5, consisting exclusively of daytime data on walleye pollock, should be added. Use of the second regression equation shows the data to be quite similar, at least within the rather broad limits defined by the standard error. There is hope that the understanding gained through controlled-fish measurement will help resolve some of the ambiguity surrounding in situ measurements. The degree of variation in data, as witnessed specifically by the size of the standard error in Table II , is a case in point. What exactly are the measurements revealing, assuming that they are not concealing faults in equipment operation or analysis technique? Are the target strengths sensitive functions of species, time of day, or behavior? Which of these factors is most important? How much do the individual factors contribute to the variation?
III. RESULTS

Results of analyzing subsets of the data in
Clearly, these questions cannot be answered here. There are simply too few data for this. However, it is hoped that there are enough data to put some bounds on the degree of variation, hence magnitude of the problem. This is the motivation behind the following detailed comparisons. In every case, these apply to the nominal 3 8-kHz frequency. which apply with the same standard error of 1.5 dB. These results are also stated in Table III 
The confidence of this result is unknown because of ignorance over the effectiveness of the seining operation. It is speculated that the number of caught fish is probably accurate to within about 33%, which implies error bounds of + 1.5 dB. 
Hagstr6m and R6ttingen repeated their experiment in
Simultaneous echo integration and counting
Some of the haddock registrations reported by Ona and
Hansen Iø were sufficiently dispersed to permit simultaneous echo integration and counting. Because the echo integrator was calibrated, the area density of fish could be expressed as the quotient of the scaled integrator value and mean backscattering cross section. The area fish density could also be estimated by visually counting the number of individual echo traces on the echogram and relating this number to the mean observed area in the depth layer where the echo traces were counted. 33 Thus, equating the two expressions for the area density, the mean backscattering cross section could be expressed in terms of measurable quantities. N( -4.4,16.0) and regressing the averages according to Eq. (2b) is   TS = 20 log 1 --66.9 .
This applies with the standard error 1.7 dB. The identical result is obtained by repeating the averaging and regression procedure for the measured target strength functions of the same 15 specimens, although with standard error of 0.4 riB.
V. DISCUSSION
The number of determinations of mean in situ target strength is relatively small. However, many of these have been made on the basis of quite large numbers of measurements, lending credence to them. It is in this context that the regression analyses presented in Table II 
This was determined from the 21 physoclist in situ data in Table I 
Comparison with the physoclist data shows that the clupeoid target strength is about 4.5 dB less.
B. External consistency
Comparison of the present empirical findings for physoclists and clupeoids with the corresponding, so-called ex situ data is a most interesting exercise. Using tethered-single-fish measurements of target strength together with the only in situ observational data on the tilt angle distribution of gadoids, the physoclist equation, 
C. Data variability
The major problem disclosed by the regression analyses is the degree of variability of the in situ data. As measured by the standard error of the regression, this is often in excess of two decibels. Such a figure is simply too large for use in echo integrator surveys of fish abundance, at least for ordinary management purposes.
Given the overall similarities of physoclist data as measured with the dual-beam and split-beam systems, and agreement of both physoclist and clupeoid in situ data with the corresponding ex situ data, the possible causes of the variability are to be sought in the fish biology. Species and behavior are the primary characteristics to be considered. Both effects are observed to a limited degree in the herring and sprat data in Table III . Similar effects are observed in the gadoid data when differentiated by species. Thus, despite the magnitudes of the standard error, systematic effects based on species and behavior seem sufficient to account for the variability in the mean in situ target strengths.
An additional effect is that of the state of swimbladder inflation. Physoclists with rete mirabile may regulate their swimbladder volume with changing depth. This is not to say that they do or that they always change depth slowly enough to maintain neutral or other condition of buoyancy. The particular clupeoids lack rete mirabile, and can only control their swimbladder volume by releasing gas, which they apparently often do when rising to the surface. The present data are, however, too few to permit convincing analysis.
Vl. CONCLUSIONS Equations (7) and (8) summarize the in situ measurements on physoclists and clupeoids. These are firmly supported by a wealth of collateral evidence, including echointegrator measurements on tethered, caged, and freely aggregating fish, and theoretical computations based on the swimbladder form.
The standard error associated with the physoclist regression in Eq. (7) is 2.3 dB. This is most likely due to differences in species and behavior. The state of depth adaptation by the swimbladder may also be a contributing factor. Irrespective of the cause of variability, the most suitable target strengths for application in echo integrator surveys are those that reflect the situation, specifically, the biological and physical states of the fish, including behavior, and the external conditions of observation.
In situ measurements of the clupeoid target strength are fewer, but apparently more consistent. The result in Eq. (8) is lower than the standard recommended for use in surveys of herring and sprat coordinated by the International Council for the Exploration of the Sea by 0.7 dB.
